METHOD OF AND APPARATUS FOR GENERATING PROOF 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method of and an ap 
paratus for generating a proof of an image generated by a 
first device, with a second device. 
Description of the Related Art: 

For producing a printed material containing a color im 
age, it is necessary to take into account various printing 
conditions including the type of inks and print sheets used 
to print the color image, the illumination used to observe 
the printed material, and various other factors in order to 
obtain the desired printed material. These printing condi- 
tions may be established by actually printing the color im- 
age in test under various printing conditions. However, it 
would not be practical to perform test printing processes 
under all combinations of various many printing conditions 
because such test printing processes would require a large 
expenditure of time and cost . 

There has been developed a print proof generating appa 
ratus capable of easily simulating finished states of a 
printed material without carrying out an actual printing 
process. The developed print proof generating apparatus op 
erates by converting printing image data supplied to gener- 
ate a printed material in view of various printing condi- 
tions thereby to generate device -independent colorimetric 



data of expected colors of the printed material, thereafter 
converting the device -independent colorimetric data into 
proof image data that take into account the characteristics 
of the print proof generating apparatus, and then generating 
5 a proof based on the proof image data. 

Since the print proof generating apparatus allows 
printing conditions to be freely established by a conversion 
table which converts printing image data into colorimetric 
data, it is possible to generate a proof easily and inexpen- 
leD sively and then determine printing conditions capable of ob- 

\l taining a desired printed material from the proof. 

• % 3 Theoretically, all colors of color printed materials 

y can be formed from three colors, i.e., C (cyan), M (Ma- 

U genta), and Y (Yellow). However, the inks that provide the- 

iJjk se colors may not necessarily have ideal spectral character- 

istics. In order to compensate for the lack of such ideal 
53 spectral characteristics , it has been customary to add the 

ink of K (black) to those of C, M, Y to produce color print- 
ed materials with four colors . For producing highly accura- 
20 te color proofs, the print proof generating apparatus also 

use four colors of C, M, Y, K. 

The device -independent colorimetric data representing 
colors are expressed by three variables such as colorimetric 
values L*, a*, b* of the CIE colorimetric system or tris- 
25 timulus values X, Y, Z. However, the proof image data are 

expressed by four variables of C, M, Y, K. Therefore, a 
conversion table for converting colorimetric data into proof 
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image data cannot uniquely determine proof image data be- 
cause it needs to convert three variables into four vari- 
ables . 

One solution is to determine K of the proof image data 
based on the color imetric value L* and then determine re- 
maining C, M, Y of the proof image data from the col- 
orimetric values L*, a*, b* . However, this approach is dis- 
advantageous in that even if the printing image data repre- 
sents K only as with a printed material containing only 
characters, proof image data of C, M, Y may possibly be gen- 
erated from the colorimetric value L*, and even if the 
printing image data does not contain data representing K, 
proof image data of K may possibly be generated. When these 
drawbacks occur, the printed material that is actually pro- 
duced may not be in agreement with the proof highly accu- 
rately. 

According to another proposal, a colorimetrically meas- 
urable gradation pattern in black only is produced as both a 
printed material and a proof, the association between the 
lightness levels of color values obtained by colorimetrical- 
ly measuring the printed material and the proof is deter- 
mined with respect to K, and then a conversion table for C, 
M, Y, K is produced based on the determined association (see 
Japanese laid-open patent publication No. 11-27553). 

The above proposed process does not consider the dif- 
ference between area percentages and the difference between 
densities due to the dot gains of the printed material which 



represents a halftone dot image and the proof. Therefore, 
if an area gradation image is reproduced as a proof, then 
the reproduced image may have different gradation character- 
istics . 

5 

SUMMARY OF THE INVENTION 
It is a general object of the present invention to 
provide a method of and an apparatus for generating a proof 
to bring an image produced by a first device and a proof 
1X£ produced by a second device into agreement with each other 

highly accurately without any appreciable discrepancies in 
^ view of the difference between area percentages and the dif- 

ference between densities due to the dot gains of the image 
a and the proof. 

lfS! A major object of the present invention is to provide a 

i j method of and an apparatus for generating a proof to bring a 

JS : printed material which represents a halftone dot image and 

its proof into agreement with each other highly accurately. 
Another object of the present invention is to provide a 
20 method of and an apparatus for generating a proof to bring a 

printed material which comprises characters and line draw- 
ings and its proof into agreement with each other highly ac- 
curately. 

Still another object of the present invention is to 
25 provide a method of and an apparatus for generating a proof 

to bring area percentages and densities , with respect to 
black, of a printed material and its proof into agreement 
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with each other highly accurately. 

Yet another object of the present invention is to 
provide a method of and an apparatus for generating a proof 
to bring area percentages and densities of a printed materl- 
5 al and its proof into agreement with each other highly accu- 

rately. 

The above and other objects, features, and advantages 
of the present invention will become apparent from the fol- 
lowing description when taken in conjunction with the ac- 
1Q3 company ing drawings in which preferred embodiments of the 

*3 present invention are shown by way of illustrative example. 

jj . 5 

lj BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a printing proof generat- 
15ff ing apparatus according to an embodiment of the present in- 

*j ventlon; 

£3 FIG. 2 is a flowchart of a process of generating a 

printer profile of the printing proof generating apparatus 
shown in FIG. 1; 

20 FIG. 3 is a diagram illustrative of an area percentage 

saving K gradation conversion table of the printing proof 
generating apparatus shown in FIG. 1; 

FIG. 4 is a block diagram of another image data con- 
verter for use in the printing proof generating apparatus 
25 shown in FIG. 1; 

FIG. 5 is a diagram illustrative of a first density 
saving K gradation conversion table capable of fully saving 
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densities ; 

FIG. 6 is a diagram illustrative of a second density 
saving K gradation conversion table capable of saving area 
percentages at 0 % and 100 % and saving densities at other 
5 regions ; 

FIG, 7 is a block diagram of a printing proof generat- 
ing apparatus according to another embodiment of the present 
invention; 

FIG. 8 is a block diagram of a system for producing a K 
It? gradation conversion table using an internal ratio; 

O FIG. 9 is a diagram showing a K gradation conversion 

%2 table produced using an internal ratio; 

y FIG. 10 is a diagram showing the relationship between 

U the lightness and the proof image data when the area per- 

lj^J centage of black is 0 %; and 

FIG. 11 is a diagram showing the relationship between 
lJ the lightness and the proof image data when the area per- 

centage of black is 80 % . 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows in block form a printing proof generating 
apparatus 10 according to an embodiment of the present in- 
vention. 

As shown in FIG. 1, the printing proof generating appa- 
25 ratus 10 generates a proof for a printed material that is 

produced by a printing press 12 (first device) based on 
separated printing image data C, M, Y, K (image data D) . 
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The printing proof generating apparatus 10 has an image data 
converter 14 for converting the printing image data C, M, Y, 
K into proof image data C, M' , Y', K r (image data D'), and 
a printer 16 (second device) for outputting a halftone dot 
image, as a proof, based on the proof image data C , M' , Y', 
K' produced by the image data converter 14. 

The image data converter 14 basically comprises a 
printing profile 18 for converting the printing image data 
C, M, Y, K into colorimetric values L*, a*, b* of the CIE 
color ime trie system, which are device -independent image 
data, a printer profile 20 (second conversion table) for 
converting the colorimetric values L* , a*, b* into proof im- 
age data C, M' , K f according to the output characteristics 
of the printer 16, and an area percentage saving K gradation 
conversion table 22 (first conversion table) for producing 
proof image data K r which allow an area percentage on the 
printed material based on the printing image data K to be 
reproduced accurately on the proof. 

The printing profile 18 is a conversion table estab- 
lished based on printing conditions including the character- 
istics, including printing pressure, of the printing press 
12, the characteristics of inks used by the printing press 
12, and the type of print sheets used by the printing press 
12. The printing profile 18 is established as a plurality 
of printing profiles that can be selected according to com- 
binations of those printing conditions. The printing pro- 
file 18 can be determined by, for example, color ime trically 



measuring the colorimetric values L* # a*, b* of a printed 
material that has been produced under given printing condi- 
tions by the printing press 12 based on the printing image 
data C, M, Y, K, and determining, as the printing profile 
5 18, the relationship for converting the printing image data 

C, M, Y, K into the colorimetric values L*, a*, b* . 

The printer profile 20 is a conversion table estab- 
lished based on the output characteristics of the printer 
16, and is determined according to a process shown in FIG. 
ICO 2. 

- 1 Ft 

4 ! 3 

,~3 As shown in FIG. 2, a plurality of proof image data C, 

*g M', Y', K f including proof image data K' having an area per- 

il centage of 0 % and proof image data C, M' , Y r having area 

percentages at increments of 10 % are generated in step SI. 
l|P Then, the printer 16 outputs a chart comprising a plurality 

W of patches based on the proof image data C, M' , Y', K' in 

C3 step S2. Colorimetric values L* , a*, b* of each of the 

patches are measured by a colorimeter in step S3. A forward 
conversion table LUT (C'M'Y'K' -» Lab) for converting the 
20 proof image data C, M' , Y # , K r into the colorimetric values 

L* , a*, b* is determined in step S4 . 

Using the forward conversion table LUT (C'M'Y'K' -» 
Lab), an inverse conversion table LUT (LabK' -» C'M'K') for 
converting the colorimetric values L*, a*, b* with respect 
25 to the proof image data K' (0 %) into the proof image data 

C, M', K' is determined in step S5. The inverse conversion 
table LUT (LabK' -* C'M'K') can be determined according to 
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the Newtonian process which is a typical successive approxi- 
mation process. 

Then, the proof image data K' is updated successively 
into area percentages of 10 %, 20 %, 100 % in step S6, 

5 and the processing of steps SI - S5 is repeated until the 

area percentage of the proof image data K' becomes 100 % in 
step S7. In this manner, a plurality of inverse conversion 
tables LUT (LabK' -» C'M'K') for converting the colorimetric 
values L*, a* , b* with respect to each of the proof image 
lW data K' into the proof image data C, M' , K' are determined. 

^ The determined inverse conversion tables LUT (LabK' -» 

W C'M'K') are set as a plurality of printer profiles 20. 

'•4 The area percentage saving K gradation conversion table 

s 22 is a conversion table for converting the gradations of 

Igj the printing image data K based on the output characteris- 

ij tics of the printer 16 into the proof image data K' . The 

.5 sr. 

area percentage saving K gradation conversion table 22 is 
established such that the halftone dot area percentage of a 
printed material produced based on the printing image data K 
20 only and the halftone dot area percentage of a proof pro- 

duced based on the proof image data K' only are equal to 
each other. 

Specifically, a printed material produced by the print- 
ing press 12 and a proof produced by the printer 16 have 
25 different dot gains because they use different inks and 

sheets. If the printing image data K and the proof image 
data K' were set equally to each other, then the reproduced 
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Images would have different gradation characteristics. The 
area percentage saving K gradation conversion table 22 is 
established according to a solid-line curve shown in FIG. 3, 
for example, for each of the combinations of printing condi- 
tions and proof outputting conditions such that the printed 
material and the proof have the same halftone dot area per- 
centage regardless of their different dot gains. If the 
printinjg image data K has a halftone dot area percentage of 
0 % or 100 % as with characters or line drawings, then the 
proof image data K r is set to have a halftone dot area per- 
centage of 0 % or 100 %. In this manner, characters or line 
drawings are prevented from being blurred. The area per- 
centage saving K gradation conversion table 22 is estab- 
lished as a plurality of area percentage saving K gradation 
conversion table that can be selected according to combina- 
tions of the printing conditions and the proof output condi- 
tions . 

The printing proof generating apparatus 10 is basically 
constructed as described above. A method of generating a 
proof on the printing proof generating apparatus 10 will be 
described below. 

With the printing profiles 18, the printer profiles 20, 
and the area percentage saving K gradation conversion tables 
22 being set in the image data converter 14, desired print- 
ing image data C, M, Y, K are supplied to the image data 
converter 14. 

The supplied printing image data C, M, Y, K are con- 
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verted into colorimetric values L*, a*, b* by a printing 
profile 18 selected according to the printing conditions. 
The printing image data K is converted into proof image data 
K' for generating black to be outputted by the printer 16, 
by an area percentage saving K gradation conversion table 22 
selected according to the printing conditions and the proof 
output conditions . 

A printer profile 20 set with respect to the proof im- 
age data K' is selected based on the proof image data K' . 
The printer profile 20 converts the colorimetric values L*, 
a* , b* into proof image data C , M' , Y' . If the printing 
profiles 18 and the printer profiles 20 in the image data 
converter 14 are produced with halftone dot area percentages 
at increments of 10 % , then intermediate data between those 
halftone dot area percentages may be obtained by interpola- 
tion or the like. 

The proof image data C, M' , Y', K' produced by the im- 
age data converter 14 are supplied to the printer 16, which 
generates a proof. 

The proof thus generated is such that the color black 
(K') is independent of the other colors (C, M' , Y'). 
Therefore, the image of the proof is accurately representa- 
tive of the image of the printed material without any appre- 
ciable discrepancies . Since the proof saves a halftone dot 
area percentage of black, it is accurate enough to reproduce 
halftone dot Images of black only. As shown in FIG. 3, 
since the printing image data K which has a halftone dot 



area percentage of 0 % or 100 % is converted into the proof 
image data K' which has a halftone dot area percentage of 
0 % or 100 %, characters or line drawings on the proof are 
prevented from being blurred. 
5 In the above embodiment, each of the printing profiles 

18, the printer profiles 20, and the area percentage saving 
K gradation conversion tables 22 is established as an inde- 
pendent conversion table for converting image data. How- 
ever, when a printing profile 18 and an area percentage sav- 
lCg ing K gradation conversion table 22 are selected, the print - 

^ ing profile 18, the area percentage saving K gradation con- 

version table 22, and the printer profile 20 may be combined 
-4 into a device link profile 24 comprising a single conversion 

= table, and the image data may be processed by the combined 

iJbj device link profile 24. According to the arrangement shown 

|j in FIG. 4, the image data can be converted quickly by the 

image data converter 14. 

In the above embodiment, when the printing image data K 
is converted into the proof image data K', the area percent - 
20 age saving K gradation conversion table 22 is used which is 

capable of bringing the halftone dot area percentages of the 
printed material and the proof into agreement with each 
other. However, a density saving K gradation conversion ta- 
ble capable of bringing the densities of a printed material 
25 and a proof into agreement with each other may be used. 

Specifically, if image data are considered in terms of half- 
tone doe area percentages, then the density of an image hav- 
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ing a halftone dot area percentage of 100 % on a printed ma- 
terial and the density of an image having a halftone dot 
area percentage of 100 % on a proof may considerably be dif- 
ferent from each other. In this case, if the area percent- 
age saving K gradation conversion table 22 shown in FIG. 3 
is used, then the image is reproduced with different densi- 
ties in its entirety. A density saving K gradation conver- 
sion table having characteristics shown in FIG. 5 may be es- 
tablished, and printing image data K may be converted into 
proof image data K' by the density saving K gradation con- 
version table shown in FIG. 5 to produce a proof which has 
the same density of black as the density of black on a 
printed material. 

When the printer 16 produces halftone dot images, the 
density saving K gradation conversion table can produce a 
density equal to the density of printing image data K having 
a halftone dot area percentage of 100 %, but may possibly 
fail to produce proof image data K' having a halftone dot 
area percentage of 100 %. In order to achieve both the den- 
sity and halftone dot area percentage requirements, a den- 
sity saving K gradation conversion table shown in FIG. 6 may 
be used which applies proof image data K ' having a halftone 
dot area percentage of 100 % to printing image data K having 
a halftone dot area percentage of 100 % to equalize the 
halftone dot axea percentages, and equalizes densities at 
other halftone dot area percentages. 

If the density saving K gradation conversion table 



shown in FIG. 6 is used, then it is possible to obtain a 
proof capable of equalizing densities highly accurately, and 
reproduce an image having a halftone dot area percentage of 
0 % or 100 %, such as a character image or a line drawing 
image, highly accurately. Natural color images are consid- 
ered as being practically free of images having a halftone 
dot area percentage of 100 %. Therefore, reproduced images 
of such natural color images do not suffer a tone jump even 
if the halftone dot area percentage is abruptly changed near 
100 %. 

FIG. 7 shows a printing proof generating apparatus 30 
according to another embodiment of the present invention. 
As shown in FIG. 7, the printing proof generating apparatus 
30 has an area percentage saving K gradation conversion ta- 
ble 22 (first conversion table) having the conversion char- 
acteristics shown in FIG. 3, a first density saving K grada- 
tion conversion table 26 (second conversion table) having 
the conversion characteristics shown in FIG. 5, and a second 
density saving K gradation conversion table 28 (third con- 
version table) having the conversion characteristics shown 
in FIG. 6. One of these conversion table 22, 26, 28 can be 
selected at a time by a switch 29 (table selecting means). 
The other details of the printing proof generating apparatus 
30 are identical to those of the printing proof generating 
apparatus 10 shown in FIG. 1. The printing proof generating 
apparatus 30 is capable of generating an optimum proof based 
on the characteristics of an image to be printed. 



As shown in FIGS. 5 and 6, the first density saving K 
gradation conversion table 26 and the second density saving 
K gradation conversion table 28 only differ from each other 
with respect to the halftone dot area percentage at 100 %. 
Therefore, it may be determined whether the halftone dot 
area percentage of the printing image data K is 100 % or 
not, and if the halftone dot area percentage of the printing 
image data K is 100 %, then a printer profile 20 may be se- 
lected based on the printing image data K, rather than the 
first density saving K gradation conversion table 26. With 
this modification, the second density saving K gradation 
conversion table 28 may be dispensed with, resulting in a 
reduced amount of stored data. 

If the halftone dot area percentage of the printing im- 
age data K is 100 %, then the proof is necessarily black ir- 
respective of the other printing image data C, M, Y. In 
this case, therefore, the printing image data C, M, Y, K may 
be supplied as the proof image data C, M' , Y', K' directly 
to the printer 16, rather than passing through the image da- 
ta converter 14. 

As shown in FIGS. 8 and 9, an internal ratio r between 
the halftone dot area percentage and the density may be es- 
tablished depending on the printing image data K, and a K 
gradation conversion table T as a conversion table for the 
printing image data K may be generated according to the in- 
ternal ratio r. 

Specifically, an area percentage saving conversion tab- 



le Tl (FIG. 3) capable of saving area percentages in the en- 
tire range (0 % - 100 %) of the printing image data K, and a 
density saving conversion table T2 (FIG. 5) capable of sav- 
ing densities in the entire range (0 % - 100 %) of the 
printing image data K are prepared. An internal ratio set- 
ting unit 31 sets an internal ratio r (0.0 r 1.0) ac- 
cording to an instruction from the operator, and outputs the 
set internal ratio r to a table combining unit 32. The ta- 
ble combining unit 32 combines the area percentage saving 
conversion table Tl and the density saving conversion table 
T2 according to the internal ratio r to produce a K gradati- 
on conversion table T represented by: 
T = (1 — r) # Tl + r*T2 

Using the K gradation conversion table T thus estab- 
lished, the printing image data K is converted into proof 
image data K' for thereby producing a proof image with both 
the halftone dot area percentages and the densities being 
appropriately saved. 

If the table having the characteristics shown in FIG. 6 
is set as the density saving conversion table T2, then when 
K = 100 %, proof image data K' with an area percentage K r = 
100 % can be produced independently of the internal ratio r. 

In the above embodiments , a chart is produced by chang- 
ing the proof image data C, M', Y', K' in increments of 
10 % for producing the printer profiles 20. However, the 
proof image data C ' , M ' , Y 9 , K ' may be changed in smaller 
increments for lighter colors and larger increments for 



darker colors, such as in increments of 0 %, 25 %, 50 %, 
100 %, for example, and intermediate data may be obtained by 
interpolation. Specifically, as shown in FIG. 10, if the 
proof image data K' is smaller, the lightness is greater and 
the proof image data C changes greatly upon a change in the 
colorimetric data L* . Therefore, it is necessary to set the 
proof image data C, M' , Y' , K' at smaller intervals. Con- 
versely, as shown in FIG. 11, if the proof image data K' is 
larger, the lightness is smaller and the proof image data C 
changes to a small degree upon a change in the colorimetric 
data L*. Therefore, the proof image data C , M' , Y' , K' may 
be set at larger intervals without posing an accuracy prob- 
lem. When the proof image data K r is K' = 100 %, in par- 
ticular, the printing image data C, M, Y may be equal to the 
proof image data C, M' , Y' . 

In the above embodiments, the colorimetric values L* , 
a*, b* of the CIE colorimetric system are employed as de- 
vice-independent image data. However, other device- 
independent image data, such as tristimulus values X, Y, Z, 
may be employed. 

Although certain preferred embodiments of the pre- 
sent invention has been shown and described in detail, it 
should be understood that various changes and modifications 
may be made therein without departing from the scope of the 
appended claims . 
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